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This paper reviews briefly the literature concerned 


with the use of modular components in thé construction of educational 
facilities. Fourteen of the documents reviewed have. previously been 
cited in RIE. The essence of the material found in the reviewed 
literature is organized into and discussed under the topics (1) 
modular components and materials, (2) systems performance, (3) 
applications, and (4) facility case studies. ee , 
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and sensitive to education’s changing information requirements. Reports cited in the reviews have been ‘8 


Alan M. Baas 


in Research in’ Education (RIE), ERIC’s 


The use-of components whose dimensions are a multiple 
of some common base ‘“‘module” is not new. Early settlers 
often built their homes with “modular” wooden frames 
*/ constructed i in England and transported to this country in 
the holds of ships. Since that time, modular building compo- 
nents have come to be manufactured on a wide scale and are’ 
now available in a variety of dimensions. 

The use of modular components can. expedite the cost- 
effective construction of flexible school facilities. Pre- ' 
assembly at the factory lowers site construction time and 

. reduces the effect of adverse weather conditions on éonstruc- 
tion schedules. In addition, specialized factory erivironments 
provide quality control over component elements. Use of 

~modular €lements also reduces maintenance and renovation, .. 
costs by permitting feplacement of separate units without 
necessitating major construction. 

Today, modular components are used largely within sys- 

_ tems building programs where, from the design stage, 
s¢parate components are integrated with one another to form 

' dimensionally related building systems responsive to a basic 
overall construction schedule. : 

The field of component qantas is too Broa fo 

_ adequate summary in this review. Nevertheless, the docu- . 

. ‘ments reviewed provide a perspective for the evaluation of 

. « such performance data as may be. obtained directly” from. 

* component manufacturers) i mee 


» 


and announced 


_ prodessed by this and other clearinghouses in the ERIC system 
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Of the documents, fourteen ‘are aisilaiile from tho ERIC Document Reproduction 
Service. Complete instructions for ordering the documents are given at the en of aie 
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/ MODULAR COMPONENTS 

AND MATERIALS 


Three documents published jn the early 
1960s provide basic information/on modular 
components. The first (National Academy 
of Sciences [1960] ).teviews njodular stand- 
ard development and discuss¢s the status of 
modular practice. It “also reports on the 


/ availability of modular products and de- 


scribes edutational programs on modular 
coordination. 
The second (National Aedes of Sci- 


ences 1961b) discusses - attitudes toward 


i preassemb] led components, sce i 


ral and mechanical components 
The Hos ment, surveys points of view held 

\labor, 
and /building/code officials. In addition, it 
describes reassembly techniques and , pre- 
sents / dimensional relationships for pre- 
assembled components. Concluding sections 
deal with existing and potential applications 
of such systems. 

’ Papers from a Building Research Insti- 
tute conference (National. Academy of 
Sciences 196(1a) survey developmental prob- 
lems in component construction. Ceiling and 
roofing systems receive attention in two of 


the papers. Others give attention to coopera- 


tive research within the cement industry and 
report on developmental Papen of struc- 
tural ceramic panels. 

To assist- English architects and educators 
in relating their, school design need#to pre- 
fabricated components, the Department of - 


Education and Science (1964) describes 


common controlling dimensions for various 


- building ‘systems. Dimensions are provided 
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for structural systéms, ceiling heights, floor 
and roof depths, changes of level, and 
spacing of structural supports. The preferred 
dimensions are intended to set the frame- 
work /for components, but not to estpblish 
.actual dimensions for individual c 
nents in addition, diagrams and sketches of 
building components relate the dimensional 
framework to construction ‘techniques. 

A second building bulletin (Department 
of Education and Science 1968) provides 
additional information on coordinating 
components for educational) facilities. 
Recommendations represent a move to- 
_ ward establishing a national British “pool” 
of dimensionally related\ components that 
may be used if a variety \of building types. 
The document’s main objectives are to 
identify and establish the characteristi¢s that 
must be standardized if components are to 
be shared economically by many users, and 


# to suggest conventions for assembling those 


components. . Discussions of performance 
* standards and various aspects of’component 
implementation clarify the use of modular 
components in the construction; process. 


England’s Department of Scientific and 
Industrial Research (1965) published a his- 
tory of prefabrication in Britain from the 
first Victorian innovations through the sys- 
tems building techniques of the present. The 
document can assist the educatar seeking an 
overall perspective on prefabrication as it 
relates bo governmental and legislative ac-, 
tion, building innovations, and general con- , 


’ struction techniques. Schoolhouses receive ; 


attention, together with other public and -. 
‘private uses of prefabricated components. 
. The BOCA Basic Building Code published 
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by: the Building Officials Conference of 
America (1967). contains nationally recog- 
nized standards for evaluating minimum ‘safe 


“ practices and) for determining the perform- 


ance of materials or systems of construction. 


The code presents regulations in terms of 


measured pefformance rather than in terms 
of rigid specification of materials 


. methods. Areas covered inchide (1) adminis- © 


tration, definitions, and general limitations; 
(2) special use and occupancy requirements; 
(3) ) building operation, safety, and fire pro- 
tection; (4) building equipment and mech- 
anical systéms; (5) materials, construction, 
walls, and prefabrication; and (6). structural 


- and foundation loads and stresses. Appen- - 


dixes indicate sources used in determining 
the code, and an up-to- date annual supple- 
ment shows revisions between five-year 
editions. 


SYSTEMS PERFORMANCE 
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In a state-of-the-art report to the archi- 


and Green (1967) agree.that the logic and 
validity of modular design are well estab- 
lished and widely accepted. Presént design 
and technolggical trends,) particularly the 
systems approach, indicate continuing sup- 
port for modular design and suggest its 
increased 1 nee as practical prob- 
lems are resolved. 


-tectugal and ie a professions, Koppes 


The significance of modular components’ 


is reflected in the development of modular 
drafting techniques with an accompanying 


or 


system of computer symbols. Referring to . 


Mechanical building systems can be de: 


modular equipment. Crossey (1969) recom- 


. 


British and American systems building proj- . 
ects, the authors point out the immediate- 
‘advantages of modujar. construction in’ 
* school facilities. 
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centralized through the use of standardized *. 
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planning, and construction programming in’ 
terms of costs, performance, ¢xpansion, and 
flexibility. In addition, he suggests various 
strategies forimplementing such systems and 
discusses the technological gaps between 
building design and ’construction practices. 
Evans (1962) describes a system permit- 
ting construction of usital byilding shapes 
without the use of conventional concrete 
: formworks. The technique involves develop- 
tnent of a structural steel skeleton that is 
fabricated on a flat plane, sprung into final 
position, and coated with concrete or other 
sprayable materials./ Photographs arid dia- 
grams illustrate the system’s development 
and construction,— A, be. 

The use of prestressed ‘concrete can pro- 
vide educators with cost-effective school 
facilities. Lyman {1968) discusses the plan- 
ning process ani surveys. procedures and 
conceptual Wata/necessary for site develop: 
ment and building. Modular dimensions and 
the systems dpproach in both design and 
construction pay expedite building 
pro ams. /, 

In additi ny -ityian: gives information on 
the development of construction systems 
and on the ‘integration of; building systems 
and stru¢tures. Cost and fire resistance data 
supplement .designs for specific functional 

_ areas. 
_Struct ral and architectural elements. are 
given/ in terms of ‘structural. data, con- 


sage data for prestressed concrete” 
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struction procedures, and element j joinery. / 


His/presentation is enhanced with pic oe 
reyiews of current school design, an 
- construction. 


A publication of the Bane Ry Com- 


any (1969) provides diagrammatic expldna- 
[i tions of various concepts, processes, /and 
./ potential “material taages related’ tq |the - 
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construction of precast: prestressed schools. 


. ’ The document reviews fabrication processes, 
+ basic’ structural components of building sys- 
tems, and building construction procedures, 
- The use of related elements is shown for 
ey | typical, school plans, and information iis - 


given concerning earthquake resistance po- 
tential, headroom economy, system integra- 
- tion, and stadium construction. The martual - 
employs © sketches and» 
exclusively. 

: Weatherproofing and sealant require- 
ments\for thin shell concrete roofs and the 
effect of physical factors on their weather- 
proofing EWA _attention in a document 

published by“the National Academy of Sci- 
ences (1961c).'The report deals with\prob- 
lems and limitations imposed by sueh koofs 
and discusses properties and uses of\ayail- 
able weatherproofing and sealant materials. 
|The | Allied Masonry Council ([1968]) - 
defines he compact school resulting fto 
hew id catio programs as a brick st 
/ture wi a flexible interior and natural ligh 
kylights) domes, clearstories, an 
* interiqr/ courtyards. The document pro 
‘ vides ppraisals d reactions to the physical 
venvirp nment, explai ins structural and eco- 
. nomic effects ory brick construction, on 
\gives examples of brick 
‘aaa . the com- 


‘pa t school. Peek 
An analysis of buildin ng sorippnett is one 

ajor areas cov red ina set of build- 
ae published, y the /National Re- 

ouncil o Canada (19 8). In all, one 
4/ different topics relating to, techni- 
aspects of building design and 
¢ nist iction tt attention, many with 
ia ams, s, and sketches, illustrating 
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APPLICATIONS —/ 


Component building systems are strategic 
to the design and construction of many 
schools in Great Britain. The Ministry of | 
Education (1964) offers a detailed summary 
of the main trends in the desigh and plan- 
ning of modern English pri schools. 
Among majoy deyelopments afe the educa- 
tional approach to design, |the evolution of 
new plan forms, the: adoption of new 

‘methods of plan and site analysis, and the - 
exploration of new spatial designs, for com-' 

. munal, ‘teaching, and administrative spaces. 

- In addition, the document provides photo- 
graphs and brief descriptions ‘of nineteen4 
recent primary schools/demonstrating con- 
temporary design /and | construction 
techniques,. » 

The New Brunswi¢k Department of Eco- - 
nomic Growth ([{1970]) published a brief 
description of the planning and construction 
of modular compgnent elementary sghools 
in that province./Cost date kablea“anmie 
ment) graphic and photographic records of 
the construction/and results of the program. | 

Stull and ‘Hefler (1968) suggest prefabri- 
cated.structures can assist Boston educators 

icular facilities needs. They 

ts and recommendations for 

a proposed stem of dispersed classroom 

lusters or ‘finfill schools.” These small, in- 

Hependent {yrban scheols would be housed 

ih prefabricated modular component units. | 

4pable of being constructed in a few weeks. 
e authors support their proposal with dia- 
ams representing the interrelationship of 

, infill schbols and community resources. 

-a teview of the economic advantages 

cel onstruction, TheAmerican spc pal 


’ 


‘ten te el-framed shale: T These schools do 
¢semble each other in size, shape, 
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arrangement, or unit cost; some are original 
in concept and architecture, and others are 
conservative. Costs, construction data, 


plans, and details provide a comprehensive 
_picture of ‘the structural and architectural 


features of each school building. In addition, 
steel framing is compared with other avail- 
able framing materials. 

Koppes (1969) gives information re- 
garding the costs of. inexpensive clear-span 
structures that enclose. recreational and 
athletic activity areas. His treatment in- 


- cludes a cost analysis of seven distinct types 


of readily available, structures, and several 


‘variations. Initial costs as well as financing, 


operating, ‘and maintenance costs are com- 


pared for, three alternative annual terms of * 


use over periods of five, ten, and twenty 
years..Detailed cost calculations are sum- 
maeee in both tabular af@ graph form. 
Recommendations discuss the essential 
features of the “‘ideal”’ structure for uses of 


” this kind. ~ ear ee, 


Structural considerations in school build- 
ing economy are presented in a publication 
by the Connecticut State Department of 


'Egucation (1963). The aeHEOY building, 
‘identified: as basically ‘shelter/ s 
‘consists of structural members, -weather- 


tructures, 


protection elements, mechanical §instal- 
lations, finishing. elements; and built-in 
equipment. ; 

’ The document identifies subsoil con- 


ditions, site contours, and climatic con- ~ 


ditions as the criteria governing the choice 
of building systems and examines several 
structural systems in, terms of these critera. 
Weather. protection, ‘elements relating to 
school construction gover specific aspects of 
roofing, flashing, siding, waterproofing, in- 
sulation, overhangs and sunshades, circula- 
tion’ characteristics, ait and light passage, 
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acoustical correction, and aesthetic improve- 
ment. Aspects of fire-resistivity include 


_ safety, building rating, and local ordinances. 


The publication concludes with miscel- 
laneous architectural cOnsiderations and 
recommendations for the adoption of a f 
modular system of dimensions. 
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CASE STUDIES 

- The use of educational specifications and “" 
component systems in the design and con4 
struction of a junior high schapl is discussed . 
in a paper by Justus (1965). Showing how - 
physical design and curriculum patterns 
‘interact, he describes the relationship be- 
tween the pupil’s learning environment and 
the component systems of the building 


design. The report gives an illustrated treat-__— 


ment of the schgol’s instructional materials 
- center, teacher work center, communication 


system, and flexible auditorium. Basic con- 


struction specifications and a brief cost 
analysis of the new buildifg are included. 

Kohn (1970) points out structural, func- 
tional, and design features in a photographi- . 
cally illustrated report on the Montessori 
school building in Stamford, Connecticut. 
The use of a precast concrete building sys: 
tem and a modularly designed interior en: 
hance the flexibility of tHe school's learning 
spaces. ‘ 

A flexible didatunny and high school 
design constructed with component systems 
receives attention in a journal article(“‘Sky- 
line Gathers K-12 Together under One: 
Roof” 1968). The school demonstrates ad- 
vantages available from modular systems 
designing. Large clear interior spans and 


' movable partitions encourage open circula- 


tion. A five-foot modular ceiling integrates 
air distribution, lighting, and acoustics. The 


6 


article also discusses various. separate areas 
pf the school, noting the use of construc- 
tion techniques to meet special ,educa- 
tional needs. ‘ 

The Timber School District, one ‘of 
twenty California schools cooperating with 


the University of California-at Los Angeles 


and various foundations to explore educa- 
tional facilities innovation, lias published an 
illustrated report (1967) of its modular- 
developed school. The design concepts are: 


‘related to audiovisual -instruction, educa- 


tional programs, .curriculum, and future 
planning. 


In separate documents, Clinchy - (1960 
a and b) describes two high schools built 
with component systems. He gives a profile 
of each school’s component characteristics 
and evaluates the relationships between, edu- 
cational goals and physical design. 
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